Noroviruses (NoV) constitute a diverse group of nonenveloped RNA viruses belonging to the Caliciviridae family (8, 23) . They are now recognized as a major cause of both outbreaks and sporadic cases of acute gastroenteritis worldwide (1, 7, 13, 19, 21, 24, 25, 29, 32) . Transmission routes of NoV include ingestion of contaminated food (6) and water (22) and personto-person spreads (15, 28) . Phylogenetic analysis of the capsid region showed that NoV can be classified into five major genogroups (34) , of which genogroups I and II are recognized as the major cause of NoV infections in human (30) . Of special importance is genogroup II/4 (GII/4), also known as the Bristol or Lordsdale cluster, which was responsible for causing epidemics worldwide (16, 25) , including the 95/96 subset, which was responsible for causing a pandemic between 1995 and 2001 (3, 19, 25) , and two other variants, causing epidemics in 2002 (3, 12, 20) and 2004 (3, 26) .
Surveillance of NoV in Hong Kong was started in 2001. Similar to reports from other countries, our surveillance data showed that NoV seasons usually started in early to mid-September and lasted till late March of the following year. However, we observed an atypical increase in both sporadic and outbreak cases beginning in May 2006. As a result, we compared the epidemiological data of 2006 to those of previous years to see if there were any significant changes in the seasonal pattern of NoV. In addition, we also studied the variant causing such an atypical pattern and its genetic diversity compared with other, previous predominant circulating variants in Hong Kong.
MATERIALS AND METHODS

Specimens.
A total of 7,799 routine fecal specimens were collected from patients of all ages with acute gastroenteritis from hospitals and outpatient clinics and during the outbreak investigation from January to July 2006. Human ethics approval was not necessary, since the specimens were collected as part of diagnosis and surveillance activities. Data on the specimens collected from 2001 to 2005 were obtained from our previous study (11) . In this study, an outbreak was defined as at least two patients having similar clinical symptoms that were related in place and time. At least one specimen from an individual outbreak was tested. A 10% (wt/vol) suspension was made by mixing 0.1 g of solid stool with 1.0 ml phosphate-buffered saline (pH 7.2). The suspensions were then centrifuged at 1,500 ϫ g for 20 min, followed by collection of the supernatant fluids for viral RNA extraction.
Reverse transcription-PCR and DNA sequence analysis. Viral RNA was extracted from 200 or 220 l of supernatant fluid using the MagNA Pure LC total nucleic acid isolation kit (Roche Applied Science) or the QiaAmp Virus BioRobot 9604 kit (QIAGEN), respectively, according to the manufacturer's instructions. Extracted RNA was reverse transcribed by murine leukemia virus reverse transcriptase (Applied Biosystems) and a random hexamer. A 155-bp amplicon of the RNA-dependent RNA polymerase (RdRp) gene was amplified using the primers as described by Green et al. (10) . For the amplification of the ϳ550-bp on the 5Ј capsid region of genogroup II NoV, COG2F (14) was used as the forward primer while CapIIb (9) was used as the reverse primer. Selected NoVpositive specimens were sequenced with the ABI Prism Big Dye Terminator cycle sequencing kit using ABI Prism 3100/3130xl DNA sequencers (Applied Biosystems). Specimen selection for sequencing was done on a monthly basis; a fixed percentage of specimens from each month were randomly selected for sequencing. The sequences obtained were aligned with reference norovirus strains. Phylogenetic analysis was carried out using MEGA 3.0 (17) . All sequences obtained were then subjected to phylogenetic analysis with the exclusion of the primer region. Phylogenetic reconstructions were carried out using the neighbor-joining method with the Kimura 2-parameter model. Statistical confidence for the tree was assessed by bootstrap analysis (1,000 replicates).
Published norovirus sequences were included for alignments and phylogenetic analysis: Arg320 (accession no. AF190817; listed accession numbers refer to GenBank), Bristol Virus (accession no. X76716), Camberwell (accession no. AF145896), DOUG4770 (accession no. AY057918 for partial RdRp gene and AF406793 for complete capsid gene), Farmington Hills (accession no. AY502023), Hawaii (accession no. U07611), Lordsdale virus (accession no. X86557), Melksham (accession no. X81879), Pont de Roide 671 (accession no. AY682548), Snow Mountain (accession no. AY134748), Toronto (accession no. U02030), and White River/290 (accession no. AF414423). Norwalk (accession no. M87661) was used as the outgroup.
Statistical analysis. The chi-square test was performed using GraphPad Prism version 4.0 for Windows (GraphPad Software). A P value of Ͻ0.05 was considered statistically significant.
Nucleotide sequence accession numbers. The novel nucleotide sequences identified in this study were deposited in GenBank. Representative sequences from NoV variants isolated in Hong Kong in 2006 were deposited under accession numbers EF121839 and EF121840.
RESULTS
Norovirus activity, January to July 2006. Our surveillance data on NoV activity showed that NoV seasons in Hong Kong usually started from early to mid-September and lasted till the end of March of the following year ( Fig. 1) . A similar seasonal pattern was also observed in the outbreak statistics (Fig. 2) . However, unlike previous years, in 2006 we observed an atypical peak of NoV activity in June ( Further investigation of the outbreaks in May to July showed that around 77% of the outbreaks occurred in homes for the elderly; detailed outbreak information was reported elsewhere (18, 33) . Statistical analysis of the NoV-positive rate showed that it was significantly higher in the epidemic years (2004 and 2006) than in the nonepidemic year (2005) (P Ͻ 0.0001, chi-square test). Even when comparing the epidemic years, the NoVpositive rate in 2006 was significantly higher than that in 2004 (P Ͻ 0.0001, chi-square test). Analysis of age group distribution showed that significantly high positivity rates were observed among all age groups compared with that in the nonepidemic year (P Ͻ 0.001, chi-square test) ( Table 1) . Analysis of age distribution in 2006 showed that the age distribution pattern was similar to that observed in 2004, with elderly people more than 60 years old having the highest positivity rate (50.83%), followed by infants and children below 4 years old (43.6%).
Genetic analysis of the 2006 positive samples. A total of 165 positive specimens between January and July 2006 were selected for sequencing of both the RdRp and 5Ј capsid regions (Table 2) . A representative phylogenetic tree of the RdRp region is shown in Fig. 3a , while that of the 5Ј capsid region is shown in Fig. 3b . (Fig. 3b) . Furthermore, phylogenetic analysis of the 5Ј capsid region showed that this variant can be further segregated into two strains, although they had 100% sequence homology in the RdRp region ( Fig. 3a and b) . This observation was further confirmed by sequence analysis, which showed that the new variant contained a polymorphic site (C/T) at position 5492 relative to Lordsdale/93/UK (X86557). At this position, C was observed in the strain detected in March 2006 (281/06), while T was identified in some sequences (733/06) since June 2006 (Fig. 4b, position D) .
Sequence analysis showed that this new variant carried a signature at position 5372 relative to the Lordsdale/1993/UK sequence which was not found in previous epidemic strains (Fig. 4b, position C (Fig. 4b, position B) . No nonsynonymous mutation was observed in the RdRp region of the new variant compared with the previous epidemic strains in Hong Kong. Unlike the case with the RdRp region, a nonsynonymous mutation was observed in the capsid region of this (Fig. 4a) . Besides, high sequence homology was also observed between the new variant and 2006b/EU, with 99% homology (96/97) in the RdRp region and 100% homology (282/282) in the 5Ј capsid region, respectively (Fig. 4a and b) . settings including homes for the elderly (Ͼ60%) and hospitals (ϳ30%). Such a large scale for an epidemic occurring in summer raised suspicions that this new variant had a higher attack rate than other GII/4 variants reported before. This is supported by the drastic increase in positivity rates for all age groups except that of ages 5 to 14 years. Similar to the epidemic in 2004, elderly people over 60 years old and children below 4 years old were more susceptible to the new variant than the other age groups.
Since the International Committee on Taxonomy of Viruses has not yet come out with a classification scheme for NoV, we used the classification scheme proposed recently by Zheng et al. (34) . Partial sequences from the major capsid (VP1) were used for phylogenetic analysis, and sequence alignment as shown in Fig. 4b is similar to that reported by Zheng et al. (34) , suggesting it is reliable to use the 5Ј capsid region for genotyping of NoV. Since several studies reported recombinations in the ORF1-2 junction (2, 27), partial sequences from the RdRp and 5Ј capsid regions were thus analyzed to determine whether there was recombination in the ORF1-2 junction of the new variant. No sign of recombination was observed in this new variant, since the topologies of the phylogenetic trees of both the RdRp and 5Ј capsid regions were similar.
Results of sequence analysis for both the RdRp and 5Ј
capsid regions showed that this new variant was distinct from the variants causing epidemics in previous years. Sequence analysis of specimens retrieved from March and June showed that a polymorphic site was present at position 5492 relative to the Lordsdale/1993/UK sequence in the 5Ј capsid region of the new variant, though the RdRp region showed 100% sequence homology. Since there was a 3-month time gap when this polymorphism was detected, this suggested that the polymorphic position was likely to be caused by sporadic point mutation. If such a high mutation rate was a unique phenomenon among GII/4 strains compared with other genogroup II clusters, this could partially explain why GII/4 strains are the predominant circulating strains over the last 10 years. Since the 5Ј capsid region is highly conserved among the NoV genome (14) and is responsible for viral capsid assembly (5), it is not clear whether this nonsynonymous mutation would have a contributing effect on the assembly of viral capsid and thus result in changes in antigenicity.
Apart from Hong Kong, NoV epidemics were also reported in various countries, including Australia, Canada, United Kingdom and several European countries, in early 2006; we obtained the sequences of the epidemic strains in Europe from the FBVE website and compared them with our local epidemic sequences. The sequences were aligned and analyzed. The result showed that the new variant was almost identical to 2006b/EU, while 2006a/EU was not found in any specimen analyzed. This is the first time we observed a discrepancy between the epidemic strains reported in Hong Kong and Europe.
In this report, we showed that there was an atypical NoV epidemic in Hong 
